An actinobacterium strain (M-201 T ) was isolated from a deep-sea scleractinian coral (Fam. Caryophillidae) collected at 1500 m depth in the Avilé s Canyon in the Cantabrian Sea, Asturias, Spain. T grew at pH 6.0-9.0 (optimum pH 7.0), between 4 and 37 6C (optimum 28 6C) and at salinities of 0.5-10.5 % (w/v) NaCl (optimum 0.5-3.0 %). The peptidoglycan contained the amino acids Lys, Ala, Thr, Glu and one unknown amino acid component, and belonged to type A4a, and the cell-wall sugars are glucose, mannose and galactose. The polar lipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, an unknown phosphoglycolipid and seven unknown glycolipids. The predominant menaquinones were MK-9(H 4 ) and MK-9(H 6 ). Major cellular fatty acids were anteiso-C 15 : 0 , iso-C 15 : 0 and anteiso-C 17 : 0 . The genomic DNA G+C content was 72.4 mol%. The chemotaxonomic properties supported the affiliation of strain M-201 T to the genus Myceligenerans. Phylogenetic analysis based on 16S rRNA gene sequences revealed that the organism was most closely related to Myceligenerans crystallogenes CD12E2-27 T (98.2 % 16S rRNA gene sequence similarity). However, it had a relatively low DNA-DNA relatedness value with the above strain (48 %). The isolate showed antibiotic activity against Escherichia coli, Micrococcus luteus ATCC 14452 and Saccharomyces cerevisiae var. carlsbergensis. To the best of our knowledge, this is the first report of antibiotic production in the genus Myceligenerans. The differences in phenotypic, metabolic, ecological and phylogenetic characteristics justify the proposal of a novel species of the genus Myceligenerans, Myceligenerans cantabricum sp. nov., with M-201 T (5CECT 8512 T 5DSM 28392 T ) as the type strain.
The genus Myceligenerans was described by Cui et al. (2004) . At the time of writing, this genus comprises three species with validly published names: Myceligenerans xiligouense (Cui et al., 2004) , Myceligenerans crystallogenes (Groth et al., 2006) and Myceligenerans halotolerans (Wang et al., 2011) , and another not yet validly published: 'Myceligenerans salitolerans' (Guan et al., 2013) . Chemotaxonomically, members of the genus Myceligenerans contain L-Lys-L-Thr-D-Glu in the cell-wall peptidoglycan (variation A4a), MK-9(H 4 ) and MK-9(H 6 ) as the predominant menaquinones, anteiso-C 15 : 0 and iso-C 15 : 0 as the major fatty acids, and have DNA G+C contents of 72-72.3 mol% (Wang et al., 2011) . Members of the genus Myceligenerans are Gram-stain-positive and aerobic.
During a cruise expedition (BIOCANT3) in the Cantabrian Sea in April-May 2013 aboard the Sarmiento de Gamboa oceanographic ship, a disk solitary coral (O. Scleractinia, Fam. Caryophillidae) was collected in the sub-marine Avilés Canyon (Asturias, Spain). The sample was taken using a 5 m-long Agassiz trawl with a beam width of 5 m and towed during 1 h at 1500 m depth (P3 station, GPS coordinates 43 u 389 580 N 6 u 309 W). After collection, the coral was aseptically transferred to a sterile plastic bag, washed with sterile marine water, and immediately processed in the onboard laboratory as described previously (Braña et al., 2015) . T (5CECT 8512 T 5DSM 28392 T ) was isolated on selective media, comprising 1/3 tryptic soy agar (TSA, Merck) and 1/6 M-BLEB [9 g MOPS BLEB base (Oxoid) in 1 l Cantabrian Sea water] agar, containing the antifungal cycloheximide (80 mg ml
21
) and anti-Gram-negative bacteria nalidixic acid (20 mg ml
) under aerobic conditions (Braña et al., 2015) . The strain was maintained on TSA medium at 4 uC and as suspensions of mycelial fragments and spores in glycerol (20 %, v/v) at 220 u C and 280 u C. Biomass for chemical and molecular studies was obtained by cultivation using TSA at 28 u C for 1 week. Phylogenetic analysis based on 16S rRNA gene sequences revealed that the organism was most closely related to Myceligenerans crystallogenes CD12E2-27 T (98.2 %). Therefore a taxonomic study using a polyphasic approach was carried out to establish the taxonomic position of the novel isolate.
Cultural characteristics were determined after incubation on TSA for 2-3 weeks at 28 u C. Cell morphology and cell dimensions were examined by light microscopy (model CX41; Olympus) after growth for 7 days on TSA medium.
Scanning electron microscopy was performed with cells from old cultures grown in R5A (Fernández et al., 1998) as previously described (Cui et al., 2004; Rheims et al., 1998) using a JSM-6610LV (JEOL) scanning electron microscope.
Growth was tested at 4, 10, 15, 20, 25, 28, 37, 40 and 50 u C on TSA. For NaCl tolerance experiments, TSA was used as the basal medium, and the NaCl concentration range used was 0.5-18.0 %, at intervals of 2.5 %. The pH range for growth was investigated between pH 4.0 and 11.0 at intervals of 1 pH unit, using the following buffer systems: pH 4.0-5.0, 0.1 M citric acid/0.1 M sodium citrate; pH 6.0-8.0, 0.1 M KH 2 PO 4 /0.1 M NaOH; pH 9.0-11.0, 0.1 M NaHCO 3 /0.1 M Na 2 CO 3 (Wang et al., 2011) . Myceligenerans xiligouense DSM 15700 T , Myceligenerans crystallogenes DSM 17134 T , Myceligenerans halotolerans DSM 21949 T , and 'Myceligenerans salitolerans' KCTC 29128, were used as reference strains for phenotypic tests. Metabolic properties and enzyme activities were determined by means of the API 50 CHB and API ZYM systems (bioMérieux) according to the manufacturer's instructions. Oxidation of 95 different substrates was tested using GP2 microplates (Biolog) within the density range specified by the manufacturer (20 % turbidity). Susceptibility to antibiotics was examined by placing antibiotic discs (Oxoid) on soft agar plates that were seeded with suspensions of the test strains grown for 3 days at 28 uC. Antibiotic production was determined by bioassay against the following micro-organisms as indicators: the Gram-positive bacteria Micrococcus luteus ATCC 14452, the Gram-negative Escherichia coli ESS, and the yeast Saccharomyces cerevisiae var. carlsbergensis. The bioassays were carried out in 1/2-strength TSA or 1/2-strength Sabouraud (Difco), against bacteria and yeast, respectively. These analyses were performed with ethyl acetate extracts under acid conditions (1 % formic acid) from solid cultures. Oxygen requirements were studied with the Gaspack AnaeroGen incubation system (Oxoid) according to the manufacturer's instruction.
The peptidoglycan was isolated and its structure was determined as well as the cell-wall sugars according to published protocols (Schleifer & Kandler, 1972; Schumann, 2011) . Analysis of respiratory quinones and polar lipids were carried out by the Identification Service of the Leibniz Institute Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ), Braunschweig, Germany using previously described procedures for extraction and examination (Tindall, 1990a, b; Tindall et al., 2007) . Cellular fatty acids analysis was performed as described by Sasser (1990) using the Microbial Identification System (MIDI).
For sequence analysis of the 16S rRNA gene, extraction of genomic DNA, PCR-mediated amplification of 16S rRNA gene, and sequencing of the amplified DNA fragment were carried out as described previously (Arahal et al., 2008; Lucena et al., 2010) . The nucleotide sequence of strain M-201 T was compared in databases using the BLAST program (Basic Local Alignment Search Tool) (Zhang et al., 2000) against the National Center for Biotechnology Information (NCBI) and submitted to the EMBL nucleotide database. Phylogenetic analysis was performed using MEGA software version 6.0 (Tamura et al., 2013) after multiple alignment of data by CLUSTAL O (Sievers et al., 2011) . Distances (distance options according to Kimura's two-parameter model; Kimura, 1980) and clustering with the neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Felsenstein, 1981) methods were determined using bootstrap values ; 5, 'M. salitolerans' KCTC 29128. All data are from this study, except for strain 5, which were taken from Guan et al. (2013) . All strains are positive in tests for the decomposition of aesculin. All strains are negative for activity of a-mannosidase and a-fucosidase. Strain M-201 T and all strains of species of the genus Myceligenerans with validly published names are susceptible to vancomycin (5 mg), cefamandol (30 mg), gatifloxacin (5 mg), chloramphenicol (50 mg), erythromycin (15 mg), doripenem (10 mg), streptomycin (10 mg) and clarithromycin (5 mg), but resistant to nystatin (100 U) and trimethoprim (1.25 mg). +, Positive; 2, negative; (+), weakly positive; ND, no data available. 4-37 4-37* 4-37* 10-37* 15-40 pH range for growth 6-9 5-11 6-8 6-8 5-10 Enzyme assay (API ZYM) Alkaline phosphatase 2
a-Glucosidase A. Sarmiento-Vizcaíno and others based on 1000 replications (Felsenstein, 1985) . For the determination of the DNA G+C content and DNA-DNA hybridization, DNA isolation was performed as described by Cashion et al. (1977) . The DNA G+C content was analysed by reversed-phase HPLC as described previously (Mesbah et al., 1989; Tamaoka & Komagata, 1984) . DNA-DNA relatedness values were determined according to the optical renaturation method (De Ley et al., 1970; Huss et al., 1983) .
Colonies of the isolate under study were yellow on TSA, R5A and M-BLEB, and irregular, with diameters of about 2-4 mm. Colony morphology changed significantly depending on the media and culture conditions (Fig. S1 , available in the online Supplementary Material). Scanning electron micrographs are shown in Fig. 1 . A well-developed mycelium (about 0.35 mm in diameter) (Fig. 1a, b , c) and abundant spores of similar diameter (Fig. 1d) were observed. The morphological features of strain M-201 T were consistent with those of recognized members of the genus Myceligenerans.
The organism could be distinguished from recognized members of the genus Myceligenerans using phenotypic properties (Table 1 ). In the API ZYM system, leucine arylamidase, a-glucosidase and b-glucosidase were positive, but esterase (C4), esterase lipase (C8), alkaline phosphatase, lipase (C14), valine arylamidase, cysteine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, b-glucuronidase, 
2 2 Uridine 59-monophosphate 2 2 2 + Fructose 6-phosphate 2 2 2 V DL-a-Glycerol phosphate 2 2 2 V N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase were negative. Acid was produced from aesculin, but not from all other carbon sources (API 50 CHB). Oxidation results for 95 different substrates (Biolog GP2 MicroPlates) are listed in Table 2 .
Strain M-201 T contained glucose, mannose and galactose as the major cell-wall sugars. The peptidoglycan of strain M-201 T contained the amino acids Lys, Ala, Thr, Glu and one unknown amino acid component (in a molar ratio of 1.0 : 1.6 : 0.6 : 1.0 : 0.9 for L-Lys : D-Glu : L-Thr : L-Ala : D-Ala) and belonged to type A4a: L-Lys-L-Thr-D-Glu [variation A11.57, according to Schumann (2011) ]. The partial hydrolysate contains the peptides L-Ala-D-Glu, L-Lys-LThr, D-Ala-L-Lys-L-Thr and L-Lys-D-Ala. The polar lipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, an unknown phosphoglycolipid and seven unknown glycolipids (Fig. S2) . The predominant menaquinones were MK-9(H 4 ) (44 %) and MK-9(H 6 ) (39 %), and minor amounts of MK-9(H 8 ) and MK-9(H 2 ) were detected. Strain M-201
T had a cellular fatty acid profile that contained major amounts of branched fatty acids. The major fatty acids were anteiso-C 15 : 0 (52.0 %), iso-C 15 : 0 (27.0 %) and anteiso-C 17 : 0 (9.2 %) followed by iso-C 16 : 0 (4.6 %). The chemotaxonomic data for strain M-201 T were consistent with its assignment to the genus Myceligenerans.
The results of 16S rRNA gene sequence comparisons clearly demonstrated that strain M-201
T belonged to the genus Myceligenerans. The relationship between the novel strain and their nearest phylogenetic relatives is shown in Fig. 2 . This value was well-below the 70 % cut-off point recommended for the assignment of strains to the same genomic species (Wayne et al., 1987) .
The isolate showed antibiotic activity against E. coli, Micrococcus luteus ATCC 14452 and S. cerevisiae var. carlsbergensis when cultivated in M-BLEB. Within the reference strains, only Myceligenerans crystallogenes DSM 17134 T had similar results against E. coli, in the same media. To the best of our knowledge, this is the first report of antibiotic production in the genus Myceligenerans.
Therefore, on the basis of phenotypic, metabolic, phylogenetic and ecological differences, strain M-201 T (5CECT 8512
T 5DSM 28392 T ) should be classified as representing a novel species of the genus Myceligenerans, for which the name Myceligenerans cantabricum sp. nov. is proposed.
Description of Myceligenerans cantabricum sp. nov.
Myceligenerans cantabricum (can.ta9bri.cum. N.L. neut. adj. cantabricum pertaining to the Cantabrian Sea in the North Spain, where the type strain was isolated).
Aerobic, Gram-stain-positive, mycelium-and spore-forming organism. Mycelia are well-developed. Colonies are yellow on R5A, M-BLEB and TSA media after 7 days incubation at 28 u C. In its natural ecosystem the organism lives in an A. Sarmiento-Vizcaíno and others extreme habitat at 1500 m depth, so can grow at 150 atm of hydrostatic pressure and at 4-5 u C. Grows between 4 and 37 uC (optimum 28 uC) and at pH 6-9. NaCl in the culture medium is well-tolerated up to 10.5 %. Physiological characteristics (utilization of carbohydrates, enzymic activities, susceptibility to antibiotics and antibiotic production) are listed in Tables 1 and 2 . In the API ZYM system, leucine arylamidase, a-glucosidase and b-glucosidase are positive, but esterase (C4), esterase lipase (C8), alkaline phosphatase, lipase (C14), valine arylamidase, cysteine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, bgalactosidase, b-glucuronidase, N-acetyl-bglucosaminidase, a-mannosidase and a-fucosidase are negative. Acid is produced from aesculin, but not from all other carbon sources (API 50 CHB). Oxidation results for 95 different substrates (Biolog GP2) are listed in Table 2 . The peptidoglycan contains the amino acids Lys, Ala, Thr, Glu and one unknown amino acid component, and belongs to type A4a, and the cell-wall sugars are glucose, mannose and galactose. The polar lipids are diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, an unknown phosphoglycolipid and seven unknown glycolipids. The predominant menaquinones are MK-9(H 4 ) and MK-9(H 6 ). Major cellular fatty acids are anteiso-C 15 : 0 , iso-C 15 : 0 and anteiso-C 17 : 0 .
The type strain is M-201 T (5CECT 8512 T 5DSM 28392 T ), which was isolated from a deep-sea coral (O. Scleractinia, Fam. Caryophillidae) at 1500 m depth in the sub-marine Avilés Canyon (Cantabrian Sea, Asturias, Spain). The genomic DNA G+C content of the type strain is 72.4 mol%.
